Objectives-The purpose of this observational study was to determine the accuracy of musculoskeletal palpation of the medial joint line of the knee, medial patellar tendon, and posterior tibialis tendon verified by ultrasound imaging among physical medicine and rehabilitation residents.
M
usculoskeletal disorders are the single most common health-related causes of work disability in the United States. 1 Musculoskeletal disorders are often presented to primary care providers and are the focus of many subspecialties, including physical medicine and rehabilitation, orthopedic surgery, rheumatology, and neurology. The physical examination is an essential part of the clinical encounter. Accordingly, the musculoskeletal physical examination traditionally plays an extremely important role in graduate medical education as well as patient care in these subspecialties. Traditionally, the physical examination has been taught to medical students at the bedside and in the classroom. However, studies have demonstrated that physical examination skills among medical students and residents have declined despite these traditional methods. 2 The physical examination is often underemphasized in graduate medical education programs, including orthopedic surgery. 2 An increased dependence on imaging for clinical diagnosis, as well as a decrease in supervised bedside teaching, may have contributed to this decline. 3 Ultrasound (US) has become part of some medical school curricula to help teach the physical examination. It has been validated to complement medical student education of the abdominal and cardiac physical examinations. 4, 5 There is mounting, but limited, evidence to support the use of US in evaluating and teaching the musculoskeletal physical examination. In 2012, Ogasawara et al 6 demonstrated that feedback from US assessment provides quick improvement in palpation skills for identifying joint swelling in patients with rheumatoid arthritis. In addition, Gazzillo et al 7 determined that the palpation accuracy rates for the long head of the biceps tendon were only 5.3%, 12%, and 0% by a sports medicine board-certified attending physician, sports medicine fellow, and physical medicine and rehabilitation resident, respectively. The authors used US to verify this demonstrably poor palpation accuracy. Recently, Rho et al 8 demonstrated inaccurate palpation of acromioclavicular joint and lateral knee joint line identification verified by US imaging in a physical medicine and rehabilitation training program. Despite these paradigm-shifting studies, the relationship between training and landmark palpation ability needs additional exploration, particularly as it pertains to physical medicine and rehabilitation residency training.
The purpose of this study was to expand on prior research and determine the accuracy of musculoskeletal palpation of the medial joint line of the knee, medial patellar tendon, and posterior tibialis tendon verified by US imaging in physical medicine and rehabilitation residents. These landmarks are important for accurate clinical diagnosis and are necessary for palpation-guided therapeutic injections. Accurate medial joint line palpation is helpful for distinguishing intra-articular from extra-articular disorders in the same region. It serves as a landmark that increases the sensitivity of identifying pain from medial meniscal disorders and osteoarthritis. 9 Identifying the medial border of the patellar tendon is helpful in performing a knee injection using an anteromedial approach 10 and is a common site for tendinopathy. Likewise, proper identification of the posterior tibialis tendon aids in diagnosis of injury and tendinopathy and is also an important landmark for ankle nerve blocks in regional anesthesia. 11 Posterior tibialis dysfunction is a common musculoskeletal condition of the foot that often results in unsupported arches and pes planus. In addition, we attempted to identify the common areas where palpation errors occur and to measure resident levels of confidence in palpation skills.
Materials and Methods
The study was approved by the Institutional Review Board at the Hospital for Special Surgery. Eighteen physical medicine and rehabilitation resident physicians at a single institution participated in the study. Informed consent was waived, as no participant identifiers were collected.
During a single data collection session, residents were asked to palpate anatomic landmarks, specifically the medial joint line of the knee, medial patellar tendon, and posterior tibialis tendon. Two "standardized patient models" were used; these models were screened for prior knee or ankle disorders and examined by the authors to ensure normal physical examination findings and typical anatomic locations of structures on US imaging. Models represented different sexes and body mass indices. The body mass index of the male physical examination model was 25 kg/m 2 , and the body mass index of the female physical examination model was 23 kg/m 2 . Models were placed in a seated position and were exposed mid-thigh distally with the knee extended and ankle in a neutral position. Residents were asked to palpate and identify the medial border of the left patellar tendon, medial joint line of the knee, and posterior tibialis tendon on both models. Once they were confident of their palpation, they were asked to place a paper clip flat on the surface of the skin parallel to the specified anatomic structure (Figure 1 ). The paper clip was secured into place with tape. Residents were given 5 minutes to complete all 3 structures for each model. A single attempt was allowed to identify each anatomic structure, and no assistance or reference material was provided. A board-certified sports medicine attending physician with a Registered in Musculoskeletal Ultrasonography certification used a CX50 US machine (Philips Healthcare, Bothell, WA) with a high-frequency linear array transducer to identify whether the paper clip was accurately placed over the structures by measuring the distance from the intended structure ( Figure 2 ). The paper clip shadow falling between the cortical edges of the tibia and femur determined accurate medial joint line placement. Accurate medial patellar tendon placement was determined by the paper clip shadow falling directly on the medial edge of the tendon. Finally, accurate posterior tibialis tendon placement was determined by the paper clip reverberation artifact falling directly on the tendon.
Data collected included the postgraduate year of the resident and the accuracy of palpation. Measurements were made from the closest border of the intended structure to the placed paper clip. In addition, the anatomic location of the placed paper clip was noted. Each resident completed a 5-point confidence scale after completing placement for each physical examination model. Scores of 3 and less were interpreted as lack of confidence, whereas scores of 4 and 5 were considered to indicate confidence. 
Results
Data were collected from 18 physical medicine and rehabilitation resident physician examiners, including 8 postgraduate year 2 residents, 4 postgraduate year 3 residents, and 6 postgraduate year 4 residents. The accuracy rates for palpation of the medial joint line, medial patellar tendon, and posterior tibialis tendon in both models were 14%, 36%, and 28%, respectively, for all levels of residents (Table 1 ). In the male model, accuracy rates for palpation of the medial joint line, medial patellar tendon, and posterior tibialis tendon were 22%, 33%, and 39% for all levels of residents. In the female model, accuracy rates for palpation of the medial joint line, medial patellar tendon, and posterior tibialis tendon were 6%, 39%, and 17% for all levels of residents ( Figure 3) .
The paper clip was placed superior to the medial joint line 75% (24 of 32) of the time, with the remainder placing inferior, with a mean distance of 1.73 cm from the joint line. The paper clip was placed lateral to the medial patellar tendon 48% (12 of 23) of the time, with a mean distance of 0.65 cm. The paper clip was placed posterior to the posterior tibialis tendon 73% (19 of 26) of the time, with a mean distance of 0.98 cm ( Table 2) . Accuracy rates for all structures were 19%, 29%, and 31% for postgraduate years 2, 3, and 4, respectively. In addition, median confidence scores were 3.75, 3.5, and 2 for the medial joint line, medial patellar tendon, and posterior tibialis tendon.
Discussion
This study highlights the relatively poor accuracy of musculoskeletal palpation skills and draws further attention to an area of much-needed improvement at the level of musculoskeletal training programs. Our results showed poor accuracy rates for palpation of the medial knee joint line, patellar tendon, and posterior tibialis tendon, with the medial joint line of the knee being the worst. Rho et al 8 showed similar results with respect to poor accuracy of joint line palpation, indicating 16.7% and 58.8% accuracy for the acromioclavicular joint and lateral joint line of the knee, respectively. Proper identification of knee joint line structures is critical for clinical diagnosis as well as therapeutic injections and is an area needing improvement. In addition, most residents erroneously palpated superior to the medial knee joint line. This trend may help identify interventions for our training group. If left uncorrected, it has the potential to lead to inaccurate diagnoses. Additionally, it paves the way for poorly performed palpation-guided intra-articular joint injections. For instance, mistaking tenderness of the medial knee joint line as the medial femoral condyle can change the suspected diagnosis from osteoarthritis to a medial collateral ligament sprain or tear. One possible explanation for this finding in our study is that the residents marked the joint line with the knee in extension, which leads to a narrower joint space than if the knee were in flexion.
Rho et al 8 also identified no differences in accuracy with respect to residency level of education. Our study showed similar results, although there was a trend of improvement from the postgraduate year 2 to postgraduate year 4 level of education. This finding was expected, as much of the curriculum during postgraduate years 3 and 4 in this training program has clinical musculoskeletal rotations during those years. In addition, palpation of the female model resulted in poorer overall accuracy than palpation of the male model. The increased soft tissue in the knee in the female model may have made palpation of the medial joint line more challenging.
Our study had several limitations worth mentioning. First, there were only 18 residents who participated in the study, and all were from a single residency program. Second, even though US has been used in prior studies to evaluate musculoskeletal palpation, [6] [7] [8] this technique has not yet been validated.
Physical examination of musculoskeletal disorders is an essential part of graduate medical education. This study adds additional structures to the growing list of the relatively poor palpation ability of musculoskeletal structures. Physical examination in resident education is an important component in the core competency of patient care, designed by the Accreditation Council for Graduate Medical Education. 12 Despite identification of these deficits, the most effective way to teach and assess a resident's physical examination skills remains unclear. Most of the literature supports musculoskeletal education at the undergraduate and medical school levels. 13 The poor performance of trainees at the resident level in orthopedic, physical medicine and rehabilitation, and rheumatology training programs truly highlights the need for improvement 3, [6] [7] [8] in musculoskeletal education from medical school to fellowship-level education. Traditional methods for teaching have been dependent on bedside teaching or musculoskeletal workshops and lectures. Learners are rarely given direct objective feedback as to whether they are correctly able to identify the structure of interest. 2 Ultrasound imaging is an effective noninvasive method for providing feedback to the medical student and resident. We believe that this study adds to the current literature regarding the important role of musculoskeletal US in teaching the musculoskeletal physical examination in graduate medical education, including programs in physical medicine and rehabilitation, orthopedics, and rheumatology. A recent review by Finnoff et al 14 noted a 717% increase in studies related to the use of US for outpatient diagnostics, particularly in the field of sports medicine. Furthermore, the mean accuracy of identifying a large joint with US guidance has been shown to range from 91% to 100%, whereas the accuracy without US guidance was 64% to 81%. Ultrasound can provide direct feedback to the trainee regarding palpation skills, which can help improve the accuracy of musculoskeletal palpation. Many organizations and institutions have incorporated US as part of their musculoskeletal curriculum. For example, the American Medical Society for Sports Medicine has developed a US curriculum for sports medicine fellowships. 15 In addition, many physical medicine and rehabilitation residency training programs are following similar curricula and are incorporating US as part of physical examination workshops. 8 In our opinion, this study further reinforces the use and utility of US as a teaching tool to improve musculoskeletal education. Future studies include checking and confirming the accuracy of musculoskeletal palpation by medical students, fellows, and attending physicians in the clinical setting in the field of physical medicine and rehabilitation and possibly across different specialties.
